Easy Kinetics is an intuitive software based on an original algorithm, that can compute the main kinetic constants, the Hill coefficient of cooperativity, the speed of catalysis at any substrate concentration chosen and the corresponding kinetic graph of an enzymatic kinetics, needing only two spectrophotometric measurements conducted in duplicate. In this way Easy Kinetics simplify the modern approach for the study of enzyme's kinetics by needing less spectrophotometric measures in comparison to those required by any traditional commercial software but in any case showing with the latter a significant concordance of results.
Introduction
The '60s represented the golden age for the characterizations of enzymatic kinetics, but still today studying enzymatic kinetics continues to attract interest both in basic research, due to the continuous new enzymes discovered, and in industrial processes (e.g. design of enzymatic reactors), so it is important to know the kinetic parameters of the enzymes used to optimize the production processes of the molecules of interest [1] . In the past a researcher had to perform repeated spectrophotometric measurements (at least 8 conducted in duplicate) in samples containing the enzyme: possible cofactors if requested by the reaction and different substrate concentrations. Then from these data the most used method consists into draw the kinetic graphs and extract graphically, from that of reciprocal doubles, the values of Km and Vmax. Original alternative methods for km and Vmax determination have been proposed, but even these require multiple spectrophotometric measurements and determine graphically the output values [2] . With the advent of computers and their diffusion among scientist, this process has been greatly optimized, minimizing human errors and obtaining graphs and kinetic parameters from precise and reliable algorithms. However, until today, these software (e.g. GraphPad Prism 8Ó [3] ) continue to require multiple spectrophotometric measurements, on which then regression models are implemented to predict the change of the reaction speed to different substrate concentrations, generating curves on which calculate the Km and Vmax parameters [4] , but unless the data fit the assumed relationship extremely well, considerable unconscious bias may be introduced in drawing the curves, and such graphical analysis furnishes only an approximation of the real kinetics parameters searched. Indeed if any of the experimental velocities measured with the spectrophotometer deviate very much from the corresponding values calculated from the fitted curve, the errors in the regression model used became sizeable, and the kinetic parameters thus calculated will not reflect their real values [5] . The software presented here uses an original algorithm, shown and explained below, able to directly return the main kinetic constants, the Hill coefficient of cooperativity, the speed of catalysis at any substrate concentration chosen and the corresponding kinetic graphs, from only two spectrophotometric measurements conducted in duplicate. Easy Kinetics saves not only the time of the researcher by performing a fast kinetic analysis, but also allows a considerable saving of materials and money to be used (e.g. minimum amounts of enzyme and substrate) in according to facilitate research. In addition, the user-friendly interface and the simple input information needed by this software, allow its use in this research field not only by most experienced researchers, but also by students and novice scientists.
Materials and methods

Original Algorithm used in the evaluation of Km and Vmax:
The original software's algorithm, used for the evaluation of Km and Vmax from only two spectrophotometric measures, is based on the trigonometric demonstration shown in Fig.1 . The graph of the reciprocal doubles relates the reciprocal of the catalysis velocities (ordinates) and of the substrate concentrations (abscissa). Note two points of this graph, whose velocity of each has been calculated through the spectrum-photometer at known substrate concentrations, it can be said that for these passes one and only one straight line. This line will have an unknown inclination "a" and will intersect the cartesian axes in points unknown. By tracing the projections of the two known points on the cartesian axes, we observe that the lines y = y2 and y = 0 are parallel and are intersected by the studied line. Since the internal alternate angles are equal, we can therefore state that "a" = "a1". Considering now instead the lines y = y2 and y = y1, also parallel and intersected by the usual straight line, we observe that "a1" = "a2" for the previous reason, which therefore will also be equal to "a". This implies that:
, so we have: Because of Easy kinetics receives in input only two spectrophotometric measurements (despite being performed in duplicate), if one of these measures is anomalous, it isn't correct by other measurements as occurs when we have multiple measurements and we perform regression models for points; so the software may fall in error. To fix this problem and minimize experimental bias, measurements must be conducted in duplicate and if both the two absorbances per minute measured at the same substrate concentration fall within the range of their mean ± 10% of their mean, then the algorithm can considers the average value between the two as the measurements to be used, otherwise we have to repeat the two measurements for the substrate concentration considered, because of too much difference found in those entered.
Kinetics equations used from literature:
Following when substrate inhibition is present
Lf is the final volume of the sample; Li is the initial volume of the sample; ε is the extinction molar coefficient of the product; O is the optical path of the spectrophotometer; Abshigh is the measured absorbance at very high substrate concentration; Absprotein is the measured absorbance for the protein's solution; Absblank is the measured absorbance for the solution without protein and P.M. is the molecular weight of the reporter product.
Software design and implementation:
Easy Kinetics was developed in C# language with a GPL-3.0 license, both for the versatility of C# and the design object-oriented, in Windows 10 environment (with October update installed), this is for the diffusion of Windows 10 and the consequent ease distribution of the software. The software installation package can be downloaded freely as windows application on Microsoft Store at the URL:https://www.microsoft.com/itit/p/easy-kinetics/9nx1f4q5fpg5?activetab=pivot:overviewtab) or alternatively on the repository GitHub (DOI: 10.5281/zenodo.3242785) at the URL:https://github.com/ekin96/EasyKinetics. Easy Kinetics allows the user to operate in different masks 5 different kinetic analyzes: Simple Enzyme Kinetics, Inhibition Kinetics, Enzymatic Units Assay, Calculation of Abs / min, Bradford Assay. By performing the two main analyzes, "Simple Enzyme Kinetics" and "Inhibition Kinetics", the application allows to process the experimental data and graphically extrapolates the impact on the Reaction Rate as the concentration of the enzymatic substrate varies. Furthermore Easy Kinetics has been optimized to self-detect possible substrate-inhibition kinetics.
Results
Easy Kinetics user-friendly interface:
Once the program is launched, from the side menu it's possible to choose the type of function wanted. For example "SIMPLE ENZYME KINETICS" allows to perform an enzymatic characterization on a single enzyme, determining basic kinetic parameters such as Vmax, Km, the Hill coefficient and the speed of catalysis expressed both, in ∆Abs per minute and in μmoli of reporter product generated per minute, starting from only two double spectrophotometric measurements of ∆Abs per minute on two samples containing a different substrate concentration. However it is possible to extend this analysis by executing in the same window a Bradford assay and the evaluation of the enzymatic units present in the sample, obtaining kinetic parameters such as Kcat, the catalytic efficiency and the specific activity of the enzyme in the analyzed starting sample. Instead "INHIBITION KINETICS" allows to verify the presence of an inhibition on the enzyme by a certain molecule, and in the case of quantifying this inhibition. Two values of ∆Abs per minute are given to the software for two samples with the same quantity of enzyme but different substrate concentration and not containing the inhibitor, and other two values of ∆Abs per minute are given for another two samples with the same quantity of enzyme but different substrate concentration (also can be different from the previous ones) but containing the inhibitor at a chosen is the equation used for the calculus of the enzyme's catalytic efficiency concentration. Finally in output comes the values of Km and Vmax with and without the inhibitor, the type of inhibition, the percentage of still active enzyme and the speed of catalysis expressed both, in ∆Abs per minute and in μmoli of reporter product generated per minute, for a chosen substrate concentration with and without the inhibitor at the previous concentration. Both "SIMPLE ENZYME KINETICS" and "INHIBITION KINETICS" given the opportunity to generate the graph of enzyme's speed of catalysis in function of the substrate concentration, and in addition are able to self-detect inhibition of the catalytic activity operated by the substrate. The last three functions concern the execution of a simple Bradford assay, the evaluation of the enzymatic units presents in the sample and the calculation of the absorbance variation per minute given the single absorbance values over time (this last function is particularly useful if old spectrophotometers are used to conduct this type of study).
Fig 2.
Simple Enzyme Kinetics starting environment: input and output fields are characterized respectively by a withe and colored background. Below the title there is a brief descriptive guide that explains the general guidelines to follow during the experiment
Evaluation of the Km and Vmax accuracy:
The applicability and accuracy of Easy Kinetics have been statistically proved on six kinetic characterization scenarios, that are resumed below: 
Discussion
The results obtained in the previous section shows a significant compatibility between the results obtained by Easy Kinetics for Vmax and Km and those obtained using the traditional methods. In particular the probability that Km_trad and Km_Easy are equal and their discrepancy is attributable to sampling errors or distortion is 0.25, while the probability that Vmax_trad and Vmax_Easy are equal and their discrepancy is attributable to sampling errors or distortion is 0.30. Then Easy kinetics shows a great concordance of the results with the traditional obtained ones. So the discrepancy between the experimental and computed results is likely to be explained by the distortion and by the sampling errors made during spectrophotometric measures collection (e.g. measures approximations, instruments sensibility, sample differences, etc.) that propagate and have an ever greater weight so many more measurements are taken.
Conclusion
In conclusion Easy Kinetics has allowed to evaluate the Km and Vmax for different substrates in bovine xanthine oxidase and aldehyde dehydrogenase, in a simplest way, in less time and using less material if compared to the classic experimental investigations done with other software. Furthermore, the results obtained with only two spectrophotometric measurements, by Easy Kinetics original algorithm proposed here, have also proved to be significantly concordant with the results obtained by traditional experimental investigations using multiple spectrophotometric measurements in other commercial software environment. The greatest strength of Easy Kinetics, however, remains its ease of use and its intuitive user-friendly interface that allow anyone, from the expert researcher to the young student to be able to quickly and accurately conduct experiments in the field of kinetic enzymes analysis.
